Abstract-A prograde sequence ofcorrensite and chlorite in pelitic rocks of the diagenetic zone, anchizone, and epizone (illite crystallinity indices = 0.17-0.58~ of the Gasp6 Peninsula, Quebec, was studied by analytical and transmission electron microscopy (AEM and TEM). The data collectively suggest that diagenesis/metamorphism of chlorite and corrensite follows a sequence of phase transitions, compositional homogenization, and recrystallization, approaching a state of equilibrium for which chlorite is the stable phase.
INTRODUCTION
Mixed-layer chlorite/smectite (C/S) is the principal clay material that forms under subgreenschist facies conditions in regionally metamorphosed and hydrothermally altered mafic igneous rocks (Alt et al 1986 (Alt et al , 1989 Bettison and Schiffman 1988; Shau et al 1990; Bettison-Varga et al 199 l; Schiffman and Fridleifsson 1991) . It is also common in clastic sedimentary rocks that have been altered by Mg2+-rich fluids or were composed of significant amounts of mafic volcano-
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shown to be discontinuous with steps at 100-80%, 50-40% (corrensite), and 10-0% smectite in a suite of contact metamorphosed rocks and two mineralized areas in northern Japan (Inoue et al 1984; Inoue , 1987 Inoue and Utada 1991) . The stepwise prograde evolution, the lack of long-range ordering in mixed-layer materials, and the similarity between XRD patterns of random C/S and chlorite/corrensite or corrensite/ smectite seem to imply that corrensite is a unique phase rather than a simple mixture of chlorite and smectite layers, and that random C/S (with a low or high percentage of expandable layers) may be a less stable and less common material than corrensite in prograde sequences (Reynolds 1988; Roberson 1988 Roberson , 1989 Shau et al 1990) . Ordered interstratification of the smectite component in C/S and the proportion ofsmectite layers have been shown to be related to the grade ofdiagenesis and low-grade metamorphism, or to the compositions and thermal history of hydrothermal fluids (Hoffman and Hower 1979; Pollastro and Barker 1986; Kisch 1987; Schiffman and Fridleifsson 1991) .
Corrensite or C/S have only rarely been reported to occur in pelitic rocks. They may have been overlooked in some rocks simply because they commonly are not abundant and considered to be insignificant in the diagenesis and metamorphism of pelitic rocks, especially relative to illite. In addition, there are difficulties in identification of such materials by XRD, especially concerning the occurrence of characteristic peaks in the low-20 region, and peak broadening due to small crystal sizes, lattice strain, and impurities (Reynolds 1988; Moore and Reynolds 1989) . Nevertheless, on the basis of an extensive literature survey, Weaver (1989) noted that trioctahedral phyllosilicates such as chlorite and C/S can be as abundant as dioctahedral phyllosilicates in clastic sedimentary rocks, and that trioetahedral phyllosilicates may be indicative of specific sedimentary provenances and tectonic environments. The latter is especially significant, as a general aim of clay mineralogy is to relate clay minerals to broader geological relations.
Although it is difficult to characterize C/S by XRD, it has recently been shown that analytical and transmission electron microscope (AEM and TEM) studies can characterize textures, crystal-chemical relations, and formation processes of C/S in metamorphosed and hydrothermally altered mafic rocks (Shau et al 1990; Bettison-Varga et al 1991; Shau and Peacor 1992) . Although there have been reports of occurrences of expandable chloritic minerals in pelitic rocks based on XRD data, no detailed TEM characterization of C/S in such rocks has been carded out before. The aim of this study, therefore, is to characterize chlorite and C/S in an unusually complete prograde sequence of Ordovician pelitic rocks from the Gasp6 Peninsula, Quebec, utilizing TEM and AEM as well as XRD and back-scattered electron (BSE) imaging techniques. Data include the compositions, textures, and structures of trioctahedral chloritic minerals and lead to a definition of formation processes, especially with respect to the relations between metamorphic crystallization and deformation processes. These data, combined with data from previous studies, demonstrate that the trioctahedral chlorite and C/S were derived from a specific type of detrital source involving an andesitic arc system.
MATERIALS AND EXPERIMENTAL TECHNIQUES
The Gasp6 Peninsula is part of the northern Appalachian mountain belt. The Taconic Orogeny is the earliest of three major deformation events that affected the area, involving diachronous collision of the eastern continental margin of North America (Laurentia) with an island arc system(s) during late Cambrian and Ordovician time (St. Julien and Hubert 1975; Williams and Hatcher 1983) . A complex foreland basin was created through the loading of an imbricate thrust system that consisted of the obducted forearc accretionary prism and volcanic arc(s) on to the thin North American lithosphere (St. Julien and Hubert 1975; Williams and Hatcher 1983; Quinlan and Beaumont 1984; Picketing 1987) . These obducted materials formed the principal sources for Ordovician elastic sediments filling the foreland basin. Pelites collected in this study are from the middle Ordovician (Llandelian-Caradocian) Deslandes Formation (~ 2.3 km thick) of deep-marine basin-floor turbidites and the middle to late Ordoviclan (Caradocian-Ashgillian) Cloridorme Formation (~4.0 km thick) of basin-floor turbidites and submarine-fan deposits formed in the foreland basin, overlying the foundered Cambrian carbonate platform and platform-derived elastic turbidite sequences (Enos 1969; Picketing and Hiscott 1985; Hiscott et al 1986; Picketing 1987) . Both the Deslandes and Cloridorme Formations contain thick sequences of alternating shales and coarser clastic rocks. The Deslandes Formation and earlier-deposited foreland-basin turbidite systems were thrust over the younger Caradocian-Ashgillian systems, initially coeval with deposition of the Cloridorme Formation (Picketing 1987) .
Structurally, the Taconie belt has been subdivided into an autochthonous domain, an external domain comprising an outer belt of thrust-imbricated structure and an inner belt of emplaced nappes, and an internal domain (St. Julien and Hubert 1975) . The internal domain consists of highly deformed and metamorphosed rocks (Shickshock Group of Cambrian age, Figure 1 ), partly overlying Precambrian continental crust and oceanic crust. The external domain which includes the Tourelle Formation, Cap des Rosiers Group, and Deslandes Formation of the inner belt, and the Cloridorme Formation, was metamorphosed to a much lesser extent. These stratigraphic units were folded and over- Figure I . Geological map showing the stratigraphy and the pattern of regional diagenesis and low-grade metamorphism of the pelitic rocks in the Taconic belt of the Gasp6 Peninsula, Quebec (modified after Hesse and Dalton 1991) . Sample localities are indicated by small solid circles tied to sample identifications with straight lines.
thrust by lateral compression during the Taconic Orogeny. The d y n a m o t h e r m a l m e t a m o r p h i s m was completed at ~440 Ma (St. Julien and Hubert 1975) . Subsequent orogenic activity had little or no effect on these rocks. The unfoliated granitic to granodioritic McGerrigle pluton (Figure 1 ) was subsequently emplaced during Upper Devonian time (Whalen 1985) , resulting in a local increase in metamorphic grade due to contact metamorphism. A prograde sequence of nine pelitic rocks located within the Taconic orogenic belt along the northern coast of Gasp6 Peninsula was selected for this study (Figure i) . The rocks were selected so that samples represented a large range ofillite crystallinity, the prograde sequence is continuous and as well defined as possible, and the dioctahedral phyllosilicates include only the smectite-muscovite sequence with no complications due to Na-bearing white micas. The samples either were collected from the same formation or at least can be shown to be pctrographically similar.
Regional patterns of the degree of diagenesis and low-grade metamorphism of pelitic rocks in the Gasp6 Peninsula were defined by Islam et al (1982) , Duba and Williams-Jones (1983) , Islam and Hesse (1983) , and Hesse and Dalton (1991) . Islam et al (1982) observed a simple regional pattern with an increase of diagenetic and metamorphic grade toward the McGerrigle pluton due to thermal alteration, superimposed on a northward trend of increasing grade that parallels a decrease in rock ages in the area east of the pluton. The inverse relation between metamorphic grades and rock ages reflects the Taconic tectonic influence. The zone ofdiagenesis, as well as the anchizone and epizone, were mapped on the basis of illite crystallinity and vitrinite reflectance values. Hesse and Dalton ( 1991) synthesized all available data relating to the pelitic rocks, defining the regional diagenetic/metamorphic pattern of the Taconic and Acadian belts in the Gasp6 Peninsula. The pattern in the Taconic belt was more or less the same as that reported by Islam et al (I 982) , but the values ofillite crystallinity index were calibrated in order to be consistent with the data from other regions in the Peninsula. The resulting values were much larger (poorer crystallinity) than those of The limits for the anchizone are 0.21 and 0.38~ based on Kisch's standard set (Kisch 1990 ).
2 Wt. % ratios obtained with integrated intensities of ~ 7 and -5 ~ peaks and calibration curves established with standards. Islam et al (1982) . The illite crystallinity indices of the samples used in the present study were measured in our laboratory and shown to have values (Table 1) lower than those estimated from the zonal pattern defined by Hesse and Dalton (1991) . A set ofinterlaboratory correlation samples for illite crystallinity measurements (Kisch 1990) were therefore used in order to calibrate the limits of the anchizone. We obtained values nearly identical to those of Kisch for his samples. The diagenetic/metamorphic grades of the studied samples were therefore redefined (Table 1 ) on the basis of Kisch's limits (0.38 and 0.21 *A20) for the anchizone. The pattern shown in Figure 1 uses Kisch's limits instead of those defined by Hesse and Dalton (1991) . The temperatures of diagenesis and metamorphism of the region were estimated to be ~80~ in the diagenetic zone and ~260"C in the epizone based on fluid inclusion data (Islam and Hesse 1983; Hesse and Dalton 1991) .
Significant variations in illite crystallinity index values occur among rocks from the anchizone in the Deslandes Formation. The variations are probably due to local alteration initiated by fluids associated with faults (Islam et al 1982) . Samples R297, R298, and R299 (low-grade anchizone) and 89-12 (high-grade anchizone) of the Cloridorme Formation were therefore chosen as intermediate samples between the diagenetic and epizonal rocks of the Deslandes Formation. The Deslandes and Cloridorme Formations were effectively deposited in the same environment. The pelitic rocks in both formations have similar compositions and mineral assemblages and were metamorphosed largely during regional tectonic activity, and locally by thermal metamorphism, rather than by burial diagenesis prior to the Taconic Orogeny.
Both powdered bulk rocks and < 2 ~m (equivalent spherical diameter) fractions of all nine samples were analyzed by XRD. The < 2 #m fractions were obtained by sedimentation of disaggregated samples in distilled water and oriented specimen slides were prepared by a pipette method (Brown and Brindley 1984) . Ethylene-glycol solvation of the < 2 #m fractions was carried out by vaporizing ethylene glycol in a vacuum desiccator at room temperature. XRD patterns were obtained on air-dried and ethylene glycol-solvated specimens of the < 2 gm fractions with CuKa radiation at 35 kV and 15 mA using a Philips XRD 3100 X-ray generator. A theta compensating slit, a receiving slit of 0.2 mm, a Soller slit assemblage, a graphite crystal monochromator, and a scintillation detector are fitted on the diffractometer. A step size of 0.01~ and a counting time of ~ 6 seconds per step were used in order to obtain high quality patterns. Quartz occurs in all samples and was used as an internal standard for 20 corrections. All patterns were digitally recorded and processed on a microprocessor. Interpretation of the patterns was based on Reynolds (1984) , Moore and Reynolds (1989) , Srodofi (1984) , and Tomita et al (1988) . Crystallinity indices were obtained by measures from the widths at half height of the basal reflections of illite and chlorite without corrections for instrumental broadening.
Preparation of TEM specimens was detailed in Jiang and Peacor (1991) . Carbon-coated, ion-milled TEM specimens were first studied by optical microscopy and scanning electron microscopy (SEM) to identify largescale textural relations and to locate areas of interest for TEM observations. All SEM images shown here are BSE images. A Philips CM 12 scanning transmission electron microscope equipped with a low-angle Kevex Quantum detector for X-ray energy-dispersive spectroscopy analyses was used for TEM imaging, electron diffraction, and AEM analyses. Instrumental settings and characterization procedures were described in Jiang et al (1992) , Slack et al (1992) , and Jiang and Peacor (1993) .
X-ray powder diffraction
The XRD patterns of the air-dried and ethylene glycol-solvated specimens of the < 2 #m fractions of samples A416 and R299 are given in Figure 2 as examples for the diagenetic and low-grade anchizonal rocks, respectively. The XRD pattem of the air-dried <2 #m fraction of sample A416 consists of peaks with d-values of 14.37, 7.12, and 4.76 ~; the d-values and relative intensities are abnormal for 001 reflections of pure chlorite. After ethylene-glycol solvation, the 14.37-~ reflection shifted to a lower 20 position corresponding to d = 15.21 /~ with a shoulder skewed toward the high 20 side. The 7.12-~ reflection split into two overlapping components with d-values of 7.11 and 7.51 /~, respectively. The 4.98-tk peak ofillite displayed a tail on the low 20 side after glycol solvation due to the displacement of the mixed-layer component of the broad 4.76-/k reflection. These changes suggest that the chloritic material consists of an expandable C/S component and a non-expandable chlorite component. The presence of the 29.40 -and 31.58-/~ superlattice reflections in the XRD pattems of the air-dried and glycolsolvated samples, respectively, is consistent with the presence of R1 ordering (i.e., a corrensite component) in the C/S. The breadth of the superlattice reflections is caused by variations of the chlorite/smectite ratio from the ideal value of 50:50, and perhaps in part to the small average crystal size, high lattice strain, and/ or heterogeneous composition of the mixed-layer material (Moore and Reynolds 1989) . The mixed-layer component is identified as C/S with ~ 60% chlorite and R 1 ordering based on the aforementioned features and peak positions. After heating at 375~ a significant decrease in the intensity of the ~ 14-~ reflection is associated with the addition of a high-20 shoulder, and the 7.51-,~ reflection like that shown in Figure 2 was shifted further toward the low 20 side in patterns of the diagenetic samples (Jiang 1993) , typical of the characteristics of C/S (Bettison and Schiffman 1988; Schiffman and Fridleifsson 1991) . In the pattern of the airdried specimen, the ~10-A peak of illite is slightly asymmetric and has a tail on the low 20 side. The width at half height of the peak decreases after glycol solration. These features imply the presence of a small proportion of expandable mixed layers in illite.
The patterns of the anchizonal sample R299 obtained before and after glycol solvation are nearly the same except for a small decrease in half-height widths of the chlorite peaks that become slightly asymmetric, as typical of the presence of expandable layers interstratified with chlorite. However, there are no apparent differences in peak positions from those of normal chlorite. These data imply that sample R299 consists largely of chlorite but with a small component of C/S. The XRD patterns of other anchizonal samples have similar features.
The XRD patterns of the epizonal rocks (not shown) display no indication of mixed layering and have peaks that are much narrower than those of samples from lower grades. The only peaks ofphyllosilicates are those of muscovite and chlorite with the exception of very weak peaks of talc that were detected locally in the epizonal rocks.
The Gasp6 rocks contain relatively abundant chloritic minerals compared to pelitic rocks in the Acadian and Alleghenian clastic wedges (e.g., Catskill Formation, Martinsburg Formation, Chattanooga Shales, etc.) (Faill 1985; Conkin 1986; Lee et al 1986; Rheams and Thornton 1988) . Table 1 shows the chlorite-to-illite weight concentration ratios of the clay fractions of the pelites studied herein. These values were determined using integrated intensities and calibration curves established with standards. The average concentration ratio is 0.45, much larger than the average value of 0.20 obtained for shales and slates from other localities in North America (Weaver 1989) . The chlorite crystallinity indices (half-height widths of ~7-and ~ 14-/~ reflections) of both the air-dried and ethylene glycol-solvated samples were measured and plotted against the corresponding illite crystallinity indices (measured on the ethylene glycol-solvated sampies) in Figure 3 . The illite and chlorite crystallinity indices show a strong correlation for all samples except for the ethylene glycol-solvated samples of the diagenetic rocks (samples A416 and A419). The chlorite crystallinity index values of the low-grade anchizonal and high-grade diagenetic rocks increased significantly because the chlorite reflections overlap with the displaced reflections of C/S after ethylene glycol solvation. The 7-~, chlorite crystallinity index values did not change as much as the 14-• values after glycol solvation because the peaks split into separate components. The 7-/k chlorite crystallinity indices appear to be slightly smaller than the 14-/~ chlorite crystallinity indices of the anchizonal samples as a result of the presence of serpentine-type mixed layers . Peaks for the lowest grade rock (sample A419 having the largest value ofillite crystallinity index) did not show much change after glycol solvation because there is not much C/S in the fine-grained fractions. Instead, there is much more coarse-grained, slightlyaltered detrital biotite than in sample A416, the latter having abundant C/S. The illite crystallinity index of sample A419 is large because of the presence of illiterich mixed-layer illite/smectite, resulting in a large deviation of the data points from the 1:1 reference line.
Petrographic observations
The mineral assemblages of the studied samples are summarized in Table 2 . The principal diagenetic/meta- morphic changes of minerals other than those described in the section above include alteration of detrital biotite, prograde evolution of 1Md illite to 2M muscovite, albitization of plagioclase and potassium feldspar, and reaction oftitanite + fluid to yield quartz + calcite + anatase (rutile in the epizonal rocks) (Jiang 1993) . The phyllosilicates occur as aggregates of very finegrained crystals in the matrix of the diagenetic samples (often not resolvable by SEM), surrounding coarser grained minerals, principally quartz, albite, and detrital biotite and forming a foliation parallel to the bedding ( Figure 4a ). In BSE observations, the areas that consist of C/S commonly have irregular microfissures that probably were generated by dehydration in the SEM vacuum, and have minor alkali and Ca contents and relatively high Si contents compared to normal chlorite. Such clays occur only rarely in the low-grade anchizonal samples.
In the low-grade anchizonal sample R299, the phyllosilicates appear to be coarser grained and more grains have outlines that are relatively well defined ( Figure  4b ) as compared with those in the diagenetic rocks. The quartz and albite grains are less angular than their diagenetic equivalents. There is a weak cleavage parallel to the bedding.
The high-grade anchizonal samples have been deformed in response to tectonic stress as evidenced by the presence of highly distorted chlorite-mica stacks ( Figure 4c ). The orientations of fine-grained clay minerals appear to be partially rearranged, giving rise to a poorly defined foliation subparallel to the bedding.
Two planar fabrics are present in the epizonal samples. The first is bedding, which is defined by quartz and albite-rich (-< 1 cm thick) and thin calcite-rich (-< 1 m m thick) lamellae. Most o f the lamellae are deformed to some extent. There are some large d e f o r m e d chlorite-muscovite stacks (15-50 g m in thickness) having their long aspect parallel or subparallel to the bedding. The second fabric is the foliation o f fine-grained chlorite and muscovite, forming an anastomosing spaced cleavage subnormal to the bedding. Dark grey lenticular domains (-< 1 cm thick) having a relatively high concentration o f fine-grained phyllosilicates and lightgrey, elongated regions consisting largely o f quartz, albite, and calcite are dispersed throughout the anastomosing spaced cleavage. An example of the relatively phyllosilicate-rich domains in sample R245 is shown in Figure 4d . The long aspect o f the large chloritemuscovite stack is normal to the cleavage. Fine-grained phyllosilicates are parallel or subparallel to cleavage except in areas where the orientations o f the phyUosilicares are constrained by quartz and albite grains. Most m u s c o v i t e a n d c h l o r i t e grains h a v e w e l l -d e f i n e d boundaries and are larger than their lower grade equivalents.
Transmission electron microscope observations
Five pelites (A419, A416, R299, 89-12, and R245) that are representative o f the sequences in minerals and textures were chosen for T E M study. The data presented here were all obtained from the fine-grained matrices o f the samples as shown above in BSE images.
Diagenetic zone. Figure 5 shows a few coalescing bundles of fringes that have ~ 24-/~ periodicity, display layer curvature and dislocations (layer terminations), and give a series o f diffuse 00l reflections with d-values corresponding to a phase with ~ 2 4 -~ periodicity. These features are characteristic o f corrensite, consisting o f ordered chlorite-like (14/~) and dehydrated, collapsed The matrix minerals include chlorite, illite, and very finegrained anatase (with bright contrast). C = chlorite; Cc = calcite; M = K-rich white mica; P = pyrite or pyrrhotite. (d) The long aspect of the large chlorite-muscovite stack in the middle is normal to the cleavage. The matrix phyllosilicates are muscovite and chlorite commonly associated with finegrained rutile (irregular small grains with bright contrast). C = chlorite; M = muscovite; Cc = calcite; Rt = rutile; Apt = apatite; P = pyrite or pyrrhotite that are partially altered to form magnetite. smectite-like (10/k) layers. A few chlorite ~ 14-~k layers are interstratified with packets of corrensite in Figure  5b . Such corrensite packets commonly occur in aggregates coexisting with discrete chlorite crystals. The thickness of individual corrensite packets varies from -< 1000 ]k as discrete crystals to ~2 4 ~ as single layers interstratified with chlorite. Some clay aggregates consist of three discrete components including chlorite, corrensite, and a material consisting of complex mixed layers with many ~ 10-~ layers separated by one or more ~ 14-/~ layers (Figure 6a ). The latter material can be interpreted to be chlorite-rich C/S with R 1 ordering or as mixed-layer chlorite/corrensite. Three repeats of R2-ordered C/S units that may also be described as mixed-layer chlorite/corrensite with R1 ordering occasionally occur (Figure 6a ). Termination of a ~ 10-.i~ layer by a ~ 14-/~ layer is also present. Two or three repeats of R3-ordered C/S or R2-ordered mixed-layer chlorite/corrensite were also detected (Figure 6b ). Such complex mixed layering must be a principal cause of the poor definition of corrensite reflections in XRD Figure 6 . Lattice-fringe images of mixed-layer chlorite/ smectite (or chlorite/corrensite) in sample A416. (a) Mixedlayer chlorite/smectite (C/S) intergrown with discrete packets of chlorite (C) and corrensite (Cor). Three repeats of R2-ordered mixed-layer chlorite/smectite units (marked by black arrows) are associated with a termination of a collapsed ~ 10-~ smectite layer by a ~ 14-~ chlorite layer (highlighted with a white arrow) and two successive smectite layers in the middle. The corresponding electron diffraction pattern shows irrational 00l reflections associated with streaking along c*. d (002) 12 A. (b) Packets ofR 1 -ordered mixed-layer chlorite/smectite interstratified with one R2-ordered and two R3-ordered units of mixed-layer chlorite/smectite (highlighted with black arrows), and chlorite, forming a thick stack of mixed-layer chlorite/smectite with R1 ordering or random mixed-layer chlorite/corrensite.
patterns. An interesting texture in which a folded corrensite stack is crosscut at the fold hinge by straight packets of corrensite and chlorite having well-defined crystal boundaries and interlocking relations is shown in Figure 7 .
In addition to the intergrowths with corrensite, chlorite also occurs as packets of layers intergrown with illite, generally in the absence of corrensite, as shown in Figure 8a . The stack of chlorite layers in the middle of the image has two fringes with different contrast due to the presence of ~ 7-Zk layers (presumably berthierine). Such mixed layers occur only rarely in the sample. A small packet of layers is bent against the edges of the layers of the adjacent crystal, forming a low-angle boundary that continues with a ~ 7-1k layer. That texture implies that mechanical rotation (intra-and intercrystal gliding) occurred while crystallization proceeded. The diagenetic chlorite also occurs as euhedral to subhedral crystals intergrown with or enclosed by other phases (Figure 8b ), Corrensite rarely occurs in the vicinity of this type of crystal. Such crystals commonly have fewer defects than does corrensite.
Low-grade anchizone. Corrensite is much less common in the low-grade anchizonal samples. It occurs as thin packets (-<300 ~ thick) of layers interstratified with packets of chlorite (occasionally also with illite) that vary widely in thickness, the combined packets forming thick stacks (Figure 9 ). Discrete, thick packets of corrensite were rarely observed. In general, chlorite layers tend to cluster together forming relatively thick packets of layers. Such a feature is exemplified in Figure  9a in which a thin packet of corrensite and several isolated corrensite (or smectite) layers are interstratifled with relatively thick packets of chlorite. Consecutive ~ 10-~ smectite layers such as those shown in the middle of Figure 9a occur only rarely in the lowgrade anchizonal sample. Some smectite layers ter- Well-defined chlorite crystals are much more abundant in the low-grade anchizonal sample, as compared with samples from the zone ofdiagenesis. Such crystals are elongated and display straight, well-defined lattice fringes with no mixed layering, and give only sharp 00l reflections in electron diffraction patterns (Figure 10) . In many cases, chlorite crystals have step-like boundaries in contact with the surrounding clay crystals, many of which do not give lattice fringes, probably because their (001) planes were not parallel to the electron beam. Chlorite-illite intergrowths and discrete, euhedral to subhedral chlorite crystals similar to those in the diagenetic rocks (e.g., Figure 8 ) are common, but have a larger average crystal size.
to the sharp 001 reflections of chlorite, consistent with the presence of discrete chlorite and mixed layering.
Thin packets of corrensite tend to be interstratified with small numbers of chlorite layers, the assemblage thus constituting disordered (R = 0) mixed-layer chlorite/corrensite or chlorite-rich C/S with R1 ordering. Terminations of ~ 10-~ fringes by ~ 14-~ fringes are more common in the low-grade anchizonal sample than in the diagenetic samples, implying that the anchizonal mixed layers represent a transition stage. Even numbers of consecutive ~ 14-A fringes and terminations of High-grade anchizone. No corrensite or C/S was observed in sample 89-12 of the high-grade anchizone. The high-grade anchizonal chlorite commonly occurs as aggregates of subparallel packets of layers that display lattice fringes over relatively large areas, compared with those occurring in the lower grade rocks, implying parallelism of layers (with respect to the electron beam) over relatively large volumes. Figure 11 shows an aggregate ofsubparallel packets of chlorite for which there is virtually no pore space between crystals, as crystal outlines are largely constrained by adjacent crystals. Some chlorite packets occurring in such aggregates contain contrasting deformation features.
A kinked crystal that is surrounded by relatively undeformed crystals is shown in Figure 12a angle by which the crystals are twisted with respect to each other. The moir6 fringes therefore were formed by overlapping of two domains that have an identical spacing (assumed to be 14.1 /~) and that were twisted with respect to each other by an angle of ~24.2 ~ There are a few serpentine-type ~7 -~ fringes, presumably berthierine, in the surrounding chlorite crystals. Such 7-A layers were occasionally observed in rocks of all grades.
Chlorite crystals in some packets of this kind of aggregate display abundant low-angle boundaries and dislocations (Figure 12b ). Illite packets often are a component of this type of aggregate, and Figure 13a shows a stack of layers consisting of subparallel packets of chlorite and illite. One of the illite crystals (highlighted by a white arrow) does not penetrate but has low-angle boundaries with the chlorite crystals. A lattice-fringe image (Figure 13b ) of that highlighted region shows that kinking and/or bending occurred within some of the chlorite crystals, resulting in the formation ofintracrystal low-angle boundaries or arrays of dislocations. The illite region in Figure 13b actually consists of several subparallel packets of layers without any obvious deformation features.
Chlorite-illite stacks with much smaller crystal sizes similar to those observed in the lower grade rocks were also observed. Well-developed euhedral crystals of chlorite occur in the high-grade anchizonal sample as well, commonly adjacent to or included within recrystallized quartz or albite, as in the lower grade rocks. This type of chlorite crystal is relatively perfect and usually has no deformation features (Figure 14) . Electron diffraction patterns of chlorite from all studied samples show continuous streaking in non-00l (k v~ 3n) reflection rows (Figure 14) , implying a semi-random stacking sequence (Bailey 1988) .
Epizone. Crystal size increases significantly from the anchizone to the epizone, small crystals being rare in the epizonal sample. Aggregates of well-defined, large chlorite or muscovite crystals are dominant. Euhedral crystals without defects are abundant. However, crystal defects, including dislocations, stacking faults, kinking, slip along (001), and bending occur in some of the large crystals. Small crystals commonly have fewer defects and are intergrown with large deformed or undeformed crystals.
A collection of chlorite and muscovite crystals in sample R245 of the epizone is shown in Figure 15 . A wedge-shaped chlorite crystal in the middle that has clusters of dislocations running across the (001) plane is surrounded by several relatively defect-free crystals. Such a crystal probably was in a final stage of recrystallization during which defects caused by early deformation were partially eliminated. Tables 3 and 4 show representative AEM analyses of corrensite and chlorite. The analyses were normalized to 20 O + 16 OH and 20 O + 10 OH for chlorite and corrensite, respectively. More than half of ~300 analyses were discarded because analyzed areas contained mixed layering or other phases such as albite, illite, or quartz, as verified by electron diffraction and lattice-fringe imaging. Inclusion of more than one mineral in analyses occurred mainly for diagenetic samples because crystals were smallest in that sample. Only 19 acceptable analyses were obtained for the diagenetic chlorite.
Analytical electron microscope analyses
All chlorite formulae have nearly equal numbers of tetrahedral and octahedral A1 and nearly complete trioctahedral occupancy. The A1/(Si + A1) ratio is nearly constant regardless of the grade of diagenesis/rnetamorphism. However, the Fe/(Mg + Fe + Mn) ratio of Normalization is based on 200 + 10OH and all Fe is assumed to be ferrous. 2 Two standard deviations on the basis of counting statistics are 0.15-0.18 pfu (per formula unit) for Si, 0.13-0.15 pfu for A1, 0.14-0.16 pfu for Mg, 0.07-0.08 pfu for Fe, 0.03-0.04 pfu for K, 0.01-0.03 pfu for Na, and _<0.02 pfu for Ca and Mn.
3 Interlayer charge is calculated from the total charge originated from Ca and alkali contents that normally are assigned to the interlayer site of smectite.
chlorite varies widely, particularly in the lower grade rocks, largely within the range 0.23-0.68. The octahedral A1 content ranges from 2.1 to 3.1 per O20OH16.
The A1/(Si + A1) ratio of ~ 0.50 is relatively high compared with that of most chlorite in mafic rocks (Bevins et al 1991) , reflecting the higher bulk-rock A1 content si ofpelitic rocks. All analyses contain minor Mn, but Ti (-< 0.02 per formula unit), Ca, or alkalis (~(Ca + alkalis) -< 0.05 pfu) are only rarely detected at the trace level.
Sample A419 2 Two standard deviations on the basis of counting statistics are 0.14--0.17 pfu (per formula unit) for Si and A1, 0.12-0.18 pfu for Mg, 0.07-0.12 pfu for Fe, and 0.01-0.03 for Mn.
DISCUSSION

Relation between the abundance of trioctahedral phyllosilicates and tectonic environment
The studied rocks document a well-defined prograde sequence oftrioctahedral phyllosilicates progressing in part from detrital material that included volcanic biotite to corrensite to chlorite. Such a sequence has been only rarely described in pelitic rocks (Frey 1978; Weaver et al 1984; Robinson and Bevins 1986) , for which chlorite commonly has been inferred to form as a byproduct of the smectite-to-illite reaction or from alteration of kaolinite or berthierine (Hower et al 1976; Boles and Franks 1979; Ahn and Peacor 1985; Walker and Thompson 1990) . Dioctahedral phyllosilicates such as illite or muscovite are usually present in amounts much greater than those of trioctahedral minerals in shales, commonly reflecting the presence of either dioctahedral smectite as an original detrital phase as in Gulf Coast sediments, or volcanic ash that was subsequently altered to form dioctahedral smectite. By contrast, C/S is common in altered intermediate to mafic igneous rocks, reflecting the high concentration of Mg in those rocks relative to the high At content of most pelites. The presence of C/S in clastic rocks implies that original detrital material had a significant intermediate to mafic volcanogenic component (Helmold and van de Kamp 1984; Chang et al 1986; Roberts and Merriman 1990) . Because the composition of volcanic material may vary in a predictable way in response to tectonic setting, the occurrence of pelitic rocks with abundant trioctahedral phyllosilicates may be diagnostic of that origin.
In Quebec, the abundance of chlorite increases from the Lower and Middle Ordovician to Upper Ordovician rocks in the St. Lawrence Lowlands (Dean 1962) . In western Newfoundland, Suchecki et al (1977) documented the occurrence of diagenetic corrensite and mixed-layer illite/smectite in the late Lower to Middle Ordovician rocks, in contrast to the occurrence of 2M illite-rich sediments in the Middle Cambrian to early Lower Ordovician rocks of the Cow Head Breccia. They suggested that such a change was caused by the Taconic Orogeny, which transformed the sediment provenance from that ofcratonic rocks to volcanic arc rocks. Enos (1969) suggested that the sediments in the Cloridorme Formation of the Gasp6 Peninsula originated from an island arc system based on the presence of volcanic debris and paleocurrent information inferred from fossil distributions and sedimentary structures and facies. The occurrence of corrensite and the relatively high concentration ofchtoritic minerals in the studied rocks may therefore reflect the tectonic setting of the Ordovician pelitic rocks in the Taconic belt of the Gasp6 Peninsula, with a significant proportion ofdetrital sediments having been transported from an Ordovician island arc system. Such a correlation is consistent with the distributions of chlorite-rich (including C/S) rocks and bentonites in Ordovician rocks on two sides of the Proto-Atlantic (Iapetus) Ocean (Weaver 1989) .
The detrital Cr, Ni, Fe spinel (an intermediate chromite-nichromite solid solution) and titanian biotite identified by Jiang (1993) provide evidence of the relatively mafic volcanic materials derived from the island arc system that has been inferred (Enos 1969; Picketing 1987) . Jiang (I 993) showed that the corrensite and chlorite in the Gasp6 rocks were largely alteration products of dettital titanian biotite of volcanic origin. The fine-grained matrix minerals consist in part of dioctahedral illite or mixed-layer illite/smectite in the diagenetic rocks, with textures as consistent with alteration from smectite that, presumably, was derived from volcanic glass either in situ or prior to deposition. The high proportion of matrix corrensite and chlorite is also inferred to have had an origin in detrital biotite and glass or smectite; however, alteration of Mg,Febeating volcanogenic materials would give rise to both dioctahedral and trioctahedral components, as demonstrated for chlorite coexisting with mixed-layer illite/ smectite in Gulf Coast sediments by Peacor (1985, 1986 ). All these data collectively indicate that a significant contribution of relatively mafic volcanogenic material was the cause of the relatively high concentration of chloritic minerals in the pelitic rocks of the Gasp6 Peninsula.
The presence of abundant detrital titanian biotite in the diagenetic rocks implies that the volcanic source contained a significant portion of andesitic material having a relatively high volatile content that typically occurs in island arc systems located along ocean-continent converging margins (Hyndman 1985) . This is consistent with the tectonic setting of the Taconic belt. The associated materials in the island arc-accretionary prism complex, including pelagic sediments, ophiolitic rocks, clastic rocks, and volcanic ash, may have provided additional materials as the source of other detrital materials such as spinel, muscovite, potassium feldspar, plagioclase, quartz, and volcanic glass necessary for the formation of dioctahedral (and possibly trioctahedral) smectite in the Gasp6 rocks. The studied Gasp6 rocks that contain relatively high concentrations ofchloritic minerals must therefore be part of a regional distribution of chlorite-rich rocks with sediments largely derived from an ancient volcanic arc system. Other pelitic sequences that were derived largely from deposition of felsic volcanics or alkali-rich continental clastics, e.g., Gulf Coast sediments (Hower et al 1976) , the delta argillites of the Belt Supergroup, Idaho (Eslinger and Sellars 1981), the Mowry and Skull Creek shales of the Rocky Mountains (Burtner and Warner 1986) , and the epicontinental shales of the Campos basin, Brazil (Anjos 1986 ), do not contain abundant corrensite or chloritic minerals. The Gasp6 rocks thus represent a special type of pelitic sequence involving deposition of abundant andesitic volcanics derived from an island arc system. Pelites deposited in other backarc basins, such as the Lower Paleozoic rocks of Wales (Robinson and Bevins 1986) and Oslo Region (Bjrrlykke 1974) similarly contain abundant C/S and/or chlorite. Such rocks may be precursors to chlorite-rich rocks free of C/S by regional or contact metamorphism as is the case in the Gasp6 rocks.
Overview of prograde sequence
The relations described above imply that the original sediments were composed of a significant andesitic volcanic component. In the samples of the diagenetic zone, Jiang (1993) observed grains of volcanic biotite that were partially replaced by complex intergrowths of chlorite, corrensite, and minor smectite layers, noting that both local layer-by-layer replacement and largerscale dissolution-transport-precipitation processes were involved in the transition of biotite to secondary clays. The dioctahedral phase occurring as part of the finegrained matrix ofdiagenetic samples is illite or mixedlayer illite/smectite, presumably derived through alteration ofsmectite that in turn had a source in volcanic ash, with K partly supplied by the detrital biotite and potassium feldspar. Complex intergrowths of corrensite, chlorite, and mixed layer trioctahedral materials that are directly associated with illite are therefore inferred to have formed in part by alteration of biotite and in part through dissolution of smectite. The sizes of individual, coherent chlorite packets are very small, averaging approximately 200 A in thickness.
The transition to the anchizone is marked primarily by a decrease in the proportion of expandable smectite layers in general, and especially in the proportion of corrensite, by an increase in the average size of crystals to approximately 500 ~, and by the occurrence of a higher proportion of chlorite crystals with subhedral outlines. Smectite layers are commonly observed to terminate against chlorite layers, occasionally with terminations occurring in opposite directions in adjacent layers.
No expandable layers were observed in samples from the high grade portion of the anchizone. Chlorite was the principal trioctahedral clay that was observed, occasionally with small numbers of ~ 7-~ layers of berthierine. Chlorite generally occurs as relatively large crystals (averaging approximately 800 A in thickness) that commonly have well-defined subhedral to euhedral outlines. It also occurs as packets intergrown with illite, forming thick stacks of chlorite-mica intergrowths. Various deformation strain features reflect tectonic stress, and textures generally illustrate continued adjustment of texture via dissolution and crystallization.
The epizone samples are marked by a further increase in crystal size to an average thickness of approximately 2000/~, increased definition of crystal out- lines, and a decrease in the number of defects. Although various deformation features reflect adjustment to tectonic stress, the samples are relatively homogeneous.
The Gasp6 sequence is thus one in which a high proportion of expandable trioctahedral layers formed with varying degrees of order with respect to chlorite, as direct replacement of volcanic detritus and by largerscale dissolution and crystallization. These small, defect-rich crystals were gradually replaced, again by a combination of layer-by-layer replacement and dissolution and crystallization by larger crystals of defectpoor chlorite. Further changes are evident in the increase in size of chlorite and white micas, decreasing concentrations of defects, and improved definition of individual crystals. All changes are consistent with a trend from metastable, disordered phases toward a mineralogically simple system that approaches a state of equilibrium with respect both to the small number of homogeneous phases and to texture (Peacor 1992) . increasing grade from the low-grade anchizone to the epizone, as consistent with the trend toward homogenization of thermodynamically stable phases described above. The limited composition range of the diagenetic chlorite (19 analyses total from two samples) appears to be an exception to the rule, but that is undoubtedly due to the limited number of analyses and a lack of analyses of the dominant small packets which are most likely to be heterogeneous. Although data points are widely scattered, there is a general positive correlation between the Fe/(Mg + Fe + Mn) ratio and AI content of chlorite (Figure 16 ). Such a trend is consistent with minimization of the misfit between octahedral and tetrahedral sheets of the 2:1 layer, although other factors may also be involved (Bailey 1988) . The increase in A1 content would give rise to an increase and a decrease in the lateral dimensions of tetrahedral and octahedral sheets, respectively, which may require a substitution of Fe for Mg or Mn in the octahedral sheet to compensate for such changes.
Compositional variation of chlorite
Contrary to observations of many studies, the average compositions of chlorite for each grade are approximately the same and most of our chlorite analyses show nearly full trioctahedral occupancy. These charaeteristics are different than those of most electron microprobe analyses of low-grade chlorite, for which significant octahedral vacancies are frequently reported (Hillier and Velde 1991) , a relation implying contamination by interlayered phases that occur commonly in metabasites (Shau et al 1990; Schiffman and Fridleifsson 1991) . These relations and the lack of stable equilibrium as generally recognized (Velde and Medhioub 1988; Peacor 1992; de Caritat et al 1993) and demonstrated above for the Gasp6 chlorite suggest that use of chlorite composition as a geothermometer in low-grade regimes (Cathelineau and Nieva 1985; Cathelineau 1988) is not warranted.
Compositional relation between coexisting corrensite and chlorite
Figures 17a and 17b are plots of Si-AI-(Mg + Fe + Mn) and AI(VI)-(Mg + Mn)-Fe compositional components, respectively, ofcorrensite and chlorite in samples A416 and R299. The plots show that the corrensite is more Si-and Mg-rich than the coexisting chlorite in the diagenetic sample, consistent with the generat crystal-chemical relations between corrensite and chlorite in basalt alteration parageneses (Shau et al 1990; Shau and Peacor 1992) or in hydrothermal smectite-to-chlorite conversion sequences (Inoue et al 1984; Inoue 1987) . The smectite-like interlayer of corrensite is defined by Si-rich tetrahedral sheets that give rise to a small interlayer net negative charge, which requires that the octahedral sheet have minimum dimensions as consistent with low Fe occupancy to minimize misfit. The analyses of corrensite and chlorite by , Bettison-Varga et al (1991) , and Inoue and Utada (1991), however, show decreased or nearly constant Fe/(Mg + Fe) ratios concomitant with an increase of A1/(Si + A1) ratios in conversions of smectite to corrensite. Bettison-Varga et al (1991) suggested that such an inverse chemical relation may be due to a lack of ample fluid, resulting in diverse local chemical environments and formation processes. The wide distribution of data points in Figure 17 may be a reflection of local environments, but the general crystal-chemical relations between corrensite and chlorite remain consistent for most analyses obtained for the diagenetic sample. This perhaps is because diagenesis of pelites is a slow, long-term process compared to the hydrothermal alteration of marie rocks. The octahedral con-tents of corrensite overlap those of the coexisting chlorite in the low-grade zone because the chlorite was formed by various formation processes discussed below.
Crystal chemistry of corrensite
The corrensite ~24-/~ units in the studied samples commonly cluster together forming packets of layers interstratified with chlorite or else they occur as discrete crystals intergrown with chlorite and illite. The very common occurrence of relatively thick packets of corrensite in the lowest grade rocks clearly attests to the stability of such an ordered sequence of smectitelike and chlorite-like layers and thus to the uniqueness of corrensite relative to an assemblage of separate smectite and chlorite layers. However, assuming that chlorite layers have formed by transformation ofsmectite-like layers, the presence of smectite-like layers separated by small, even numbers of chlorite layers implies that consecutive smectite-like layers must have previously existed. Indeed, consecutive smectite-like layers were directly observed (Figure 9 ), in contrast to the observations of Shau et al (1990) on phyllosilicates in metabasites. Utilizing lattice-fringe images, they showed that chloritic minerals tend to occur as intergrowths of discrete chlorite and corrensite or interstratified chlorite/corrensite rather than C/S in regionally metamorphosed basalts from northern Taiwan. Shau et al (1990) also suggested that corrensite has a unique structure consisting of smectite-like and chlorite-like layers and that it should be considered to be a unique phase rather than as a simple mixture of smectite and chlorite layers. Meunier et al (1988) and Mexias et al (1990) also suggested that corrensite is a thermodynamically unique phase based on mineral parageneses controlled by f(O2) and X(CO2) in carbonate and volcanoclastic rocks. A similar view was proposed by Inoue (i 985) based on the stepwise transitions from smectite through corrensite to chlorite shown by XRD data in the diagenesis of pyroclastic rocks from northern Japan.
Does the observation of relations among smectiteand chlorite-like layers occurring in rocks from the Gasp~ Peninsula conflict with those conclusions? Jiang (1993) showed that much of the Gasp~ corrensite or C/S was formed by direct replacement of layers ofdetrital biotite during early diagenesis. A layer by layer replacement process is one in which initiation of replacement of individual layers by a given new layer may have little relation to the nature of adjacent layers, as opposed to the wholesale growth of layers from fluids, as in altered basalts. In addition, such low-temperature alteration of phyllosilicates commonly produces metastable mixed layers that have a wide range of complex intergrowth textures or structures ( and Peacor (1992) observed consecutive smectite-like layers in C/S in hydrothermally altered basaltic rocks and inferred that they were metastable alteration products formed locally in environments with limited fluid, as is the case with pelites. The relatively uncommon occurrence of adjacent smectite-like layers in rocks where corrensite is abundant is to be expected, because such metastable disorder and heterogeneity is the rule rather than the exception in such low-grade rocks (Peacor 1992) . The occurrence of apparent random C/S (and chlorite/corrensite) is therefore not in conflict with the uniqueness ofcorrensite. Indeed, the observed high concentration of well-ordered corrensite relative to random C/S, the formation of corrensite and chlorite directly from biotite, and the crystal-chemical relations between corrensite and chlorite discussed above imply such uniqueness.
Our TEM data show that the corrensite crystals are small and frequently contain chlorite mixed layers as well as numerous defects. The chlorite packets are rather large and defect-free compared with coexisting corrensite packets. These contrasting features have been observed in other TEM studies (Shau et al 1990; Bettison-Varga et al 1991; Shau and Peacor 1992) . In conjunction with the commonly observed conversion of corrensite to chlorite in many prograde sequences of low-grade rocks (Helmold and van de Kamp 1984; Chang et a11986; Inoue 1987; Inoue and Utada 1991) , these relations imply that corrensite may indeed be metastable relative to chlorite, just as R1 mixed-layer illite/smectite or illite forms metastably relative to white micas (Jiang et al 1990) .
Diagenetic alteration of corrensite to chlorite
The TEM data are consistent with a prograde reaction from corrensite to chlorite. The presence of a wide range of intergrowth textures between corrensite and chlorite, including intergrowths of discrete chlorite and corrensite crystals, interstratification of packets of layers, complex mixed layering, and especially terminations of single smectite layers by chlorite layers, implies that some of the chlorite may either have formed simultaneously with corrensite as a diagenetic alteration product of precursor phases such as smectite or detrital biotite (Jiang 1993) , or have originated from diagenetic alteration of corrensite. The diminution of corrensite and formation of chlorite are reconciled with an alteration sequence of trioctahedral phyllosilicates in a prograde environment (Hoffman and Hower 1979; Helmold and van de Kamp 1984; Inoue , 1987 Chang et al 1986; Inoue and Utada 1991; Meunier et al 1988) . At least some of the diagenetic chlorite must have originated from the corrensite. The occurrence of curved corrensite packets crosscut by straight packets of chlorite and corrensite (Figure 7 ) is also consistent with a replacement of corrensite by chlorite.
However, some of the chlorite crystallized directly from pore fluids, independent of the formation of corrensite, as evidenced by the formation of euhedral to subhedral chlorite crystals in the absence of corrensite (Figure 8 ). Such crystals may have formed at the expense of other precursor phases such as smectite, mixedlayer illite/smecfite (Hower et al 1976) , kaolinite (Boles and Franks 1979) , or berthierine (Walker and Thompson 1990) . Mixed-layer illite/smectite is present in the lowest grade rock of the studied sequence and the euhedral chlorite crystals commonly are intergrown with illite. Berthierine was also observed to be intergrown with chlorite in the diagenetic rocks. These relations suggest that both berthierine and mixed-layer illite/ smectite may have been the precursor phases of this type of chlorite. Alternatively, such chlorite crystals may have formed through the sequence of complete dissolution of corrensite oi" biotite, transport to nucleation sites, and crystallization. In any event, this type of chlorite was formed by processes different from that giving rise to the formation of chlorite-corrensite intergrowths, although we are not able to identify any compositional differences between the two types of chlorite.
Syntectonic crystallization of chloritic minerals
All samples described in this study display a variety of deformation features such as crystal bending, kinking, and inter-and intra-crystal gliding. Such features are not observed in tectonic stress-free, burial metamorphic pelite sequences (Peacor 1992) . However, they are common in pelites of low grade metamorphic provinces that have been subject to tectonic stress (White and Knipe 1978) and are inferred to result from the tectonic stress to which all rocks of this study were subjected (Islam et al 1982; Hesse and Dalton 1991) .
Adjacent crystals that display contrasting deformation properties (bending and gliding vs. little or no deformation) and have well-defined interlocking relations are common in the Gasp6 samples. Such textures imply that crystal growth occurred after initiation of deformation, consistent with syntectonic metamorphism (White and Knipe 1978) . Large-scale dissolution and crystallization features were commonly observed in this study, e.g., where deformed corrensite-rich packets of irregular shape were observed to be crosscut by subhedral packets of chlorite having no smectitic layers. Dissolution of deformed, unstable phases and subsequent crystallization of undeformed relatively stable phases have been commonly observed in syntectonically metamorphosed rocks (Knipe 1979 (Knipe , 1981 White and Johnston 1981; Weber 1981) . Knipe (1981) suggested that deformation may accelerate metamorphic reactions that cause a decrease in the total energy of a rock system. Many of the observations of this study, including truncation of bent corrensite packets by relatively straight packets of chlorite and corrensite in the hinge of microfolds (Figure 7) is consistent with such a process. Reerystallization is also an important process in the diagenesis/metamorphism of the Gasp6 chlorite. Crystals were commonly observed to have coalesced by readjustment of crystal boundaries and elimination ofsubgrain boundaries in rocks ofalI grades, contributing to an increase in crystal size with increasing grade. Such processes presumably occur by local dissolution and crystallization.
The collective data suggest that deformation and dissolution/crystallization/recrystallization are locally competing processes in such tectonically stressed rocks, with crystal growth dominating at higher metamorphic grades. The chlorite crystallinity index, which is a function of crystal size, lattice strain, mixed layering, and perhaps compositional heterogeneity, is thus defined by such kinetically-controlled processes. The chlorite crystallinity index therefore should be viewed as a P, T, t-and strain-controlled parameter rather than as a simple indicator only of diagenetic or metamorphic grade.
